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m m m 

ASIC (Application Specific Integrated Circuit) t^EKM^hfh^biJ ^ 

7 y-pM, T^ir^^^E-y (SR AM : Static Random Access Memory ^ S R A 

S:fllJ*i-5^3(5©SRAM^*3»t5^— ©"fe^ SRAMt/V^tf^) 
^[HlS&^^^^i-o !7-KllttWLi^if©i^, ~0<Z) CMC- S 
(Complementary Metal Oxide Semiconductor) i^^— ^ dS/l^-^Sr^JEft - !"* w 

^IStty— KV2fc:HtfjU ffi*©cMOS>fy/Wti 4 t*— * ffitS / *- K 

— KV1, V2^y WBLT, BLNt^T^t^ hy^^^^LT^ 
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— (SNM : Static Noise Margin) ^fflV^fe*L£ 0 

y/-^©DC (Hl^d) — ;fr<?M J"*— ^©D C#t£W7J^ 

i©S NMlCoV^Tte. :£Sfc 1 (A. J. Bhavnagarwala "The impact of intrinsic 
device fluctuations on CMOS SRAM cell stability, " IEEE Journal of Solid State 
Circuit, Vol.36, No. 4, Apr. 2001 (US 5 N ®10)) IC&V^^^WJ^frfrtL 

£HRflKb$*U h7^X^©^^/^2 5 0 nm7>k 5 0 nm^^T 

SNMc^S^ttf*^ : l-<^'fbi-5o i^^tlS 5 0 nmtfc'V^ttSNMCf 

itsm&tc # o fc ^ }- «u feit^— * «^ $ tt s ^tt^ & § 0 

— 3Ci$t2 (H. Sakakibara, "A 750MHz 144Mb cache DRAM LSI with speed 
scalable design and programmable at-speed function-array BIST, " IEEE 
International Solid State Circuit Conference, 2003 (HIl)) }£3oV^T, 8152* 
fflb^^— hSr^ofcS RAM/>)Sii^£*tTV^„ r©SRAMTil 04}^ 

♦ 
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fcHL^ !3 5H:|2]6<£r0HH*flBt/t\ SNM©fiWl:£!)^v^|c4 

U '^£t£mi&W&-ZW%.-tZ>** : T'( VW^t^^!) (SRAM) 

^^pj^ctftf^ s'^9^AT^t^*u (sram) o^^eyt 
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& £ B&jfc -r & r. ^ ^ -e # § 0 

;*^y ir/i^bcDi?/!^— ^ Sri*© try 9 A^frb^-fe^* 

HI 1 teV£5fc<D S R AMJn33tt5lHlJI&«lfife©— ^J**U*:ia"e*>S (ifclR Do 
HlSte^^COSRAM^&^T b 7 t y^SCi: 5 S NMI^O 

2) 0 

HI 5 tt^Jfe© S R AMK:i3l Se^ fctt 5 7 s — 9W8t<0 

o v > t co — £i| £ ^ U [U 8& % PJ3 HI "C h 5 . 
H)6 (A), (Bh (c) tt?^*©SRAMtcfeJtS*8^mu»f^»c:#5 7*— 
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©Ti^^XAicoV^T, (A) Slt^fflU^, (B) ttT*— ^fB«y— K©jS«' 

HI 7 tell 1 Hifc0!IK::i8fr5 S RAMO^ ]) -fe/v©lHlK#lJ**r^-t"0t*&5o 
0 8 (A) riH7H:J:5 roj «ls*fflUoBIR:4stt*ilif^^>f 5 (B) 

El 9 (A) teH! 7tJ:5 roj *#ii^(D^c:*3^2>«j^<5 ? -i' 5: (b) (4 

mil (a), (b) r*K53 3iafcftiii:*5»t* sRAMo^^y •fe/K^mss«^^ 

HI 1 2 (A) ~ (D) «SB3^Jfe09H:*5»tSft!l«i^©l^J"C*>So 

HI 1 3 (A) ~ (D) ttft91W;^©i&©#J 

HI 1 4 (A), (B) fe%$4mMMfc$$l?Z>±l/XTl/-7S A 1 1 „ SA12O0 

H)l 5fj:l4^1fJi^lt5t^7y/SAl 1 <7>t5f^^>T Af^ — h 



So 

HI 16 (A), (B) tt»5lBttflIK:*5rtS-fe^T^S A 2 1, SA22©@ 

HI17 (A) ~ (D) teHSHlfeMt^tfS-fe^TV^S A2 ltf>lM£*^ A 

HI 18 (A), (B) f^emfe^lJ^ttS-fe^^T^yS A2 3, S A 2 4 <£>HJ 

HI1 9 (A) ~ (D) W:jB6|llfiMfcd3tt5"fe^T^SA2 3©ft^^A 

HI 2 OttS5 7HJ8lM^*5tt5-fe^^T^S A2 5 <D\B\mM&&7F-?o 

0 2 1 (A) ~ (D) }iB7^Jt^!jfc*3tt5irV-^T^^S A2 5<DW}ft?4 A 
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2 2 (Ah (B) fe%S%Wmz.&\-fZ> J tel'*Tl/ZfSA2 6, SA2 7©[§] 

0 2 3 (A) ~ (D) tt|8ia(Sf«fc*Jlt5t^7^SA2 6©»ffs*>f A 

02 4 (A), (B) ^^9H»J}C*5lt'5-fe>'^Ti/7 B SA3 1, SA3 2©[e1 

025 (A) ~ (D) \^m9%mm\^n^>^T^(DWi\^^ A^^r— b 

026 (A) ~ (C) fc^l OHife^llCjott^ SRAM-fe;PEtW7!? h©— 

32 7 (A), (B) flfc^l 0Hlfe^JtC*5^?> SRAMir/KDftfe©|IW!l^^i-o 
2 8 (A), (B) fit&l O^^M^*5tt-5SRAM-fe/^(Dflfe©||»!|^^i-„ 
2 9 (A), (B) (ill 0||J£^J^*3ttSSRAM-fe^<Dte©^Jfe^JSr^i-o 

33 0 (A) ~ (D) (it/V7 , 0 y^©iHg^i- e 

0 3 1 lH^i|©-fe:/^ci^^A(Cjo^5-fe^^T>'^ P S Al 1©W 

33 2 teir/l^n ^ AMjotfSir^^TVT'S A 2 1 © l"( T V h&^H-„ 

3 3 3 teir/K^n y ^ Al!l:i3tt5-fc i/^T^^S A 2 3© WT? b^^i~ 0 
33 4 teir/l^o AM&tfS-fe-^^T^^S A 2 3©i©W7|) h 



33 5 VttJVfr* y ^ B ^ttS-fe^^T^^S A 2 3© WT# h Sr^i", 
33 6 fiiir/l^n y ^ Afcl&ttS-ter^^T^^S A 1 1 © WTl> h£^1"< 
33 7 5/^ A^*3tt6-fc^^T^7°S A 1 2© WT^ h£*f « 

33 8 te-fe/V-^n ^^AfCjottS-fe^^T^^S A2 1 © Wf T ^ h &tfT< 

33 9 fi-fe^^n AfciSJtS-fe^^TV^S A 2 2© WT# h^i", 

34 0 ^•fe/V^'n y^BKl&tt^-fc^^T^^S A2 3 h Sr^l", 
34 1 te-fcvl^n s/^Bfc^ttS-fc-^-XT^^S A2 4© WTP hSr^-f", 
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■04 3 {i-fe/H/n AldfeftS-fe^^T^T-S A2 6 b&^rTo 

04 5 teir/K/ci y ^ AKl&ttS-fc^^T^^S A 3 1 <D WT!7 h^^-^o 
14 6 tei?7l-:/n A^*5Ct?'-fe^^T>'-7 B S A3 2© W7^ h^^i~ a 
04 7 fc-t/uy'v y?C\Z$$tf%±>'XT^SAl 1©W7!) h&^-To 
04 8 teir/l^n y$ A^^ttSir^^T^^S A 1 2 <£> WT?7 b^^H^ 
04 9 (A) ~ (C) tef&l 2^^!l^*5tt2)^frf2 , It^©^#:«^-r 0 

m i 

*&m<Dm 1 UlS^JSr, IS 7—0 9 ^ffl^-CtfteJli-So B7li^ms'^7^ 
W^t^^^P cos RAMir/M£*3#5^ 1 ©HlfeWISr^-t"|Ell&#tj^-e*)So 
0 8riWJ^WU«i^H:*5tt5^^ A^-Y— h"efe^ (A) H: r 0 j tt^tti U (B) 

^-r-h-efetK (a) r* roj (b) f* rij 

0 7 td^i-S RAMt/Vtt, W> 1 ©CMOS-f * 5rJgJ5fc-*-3 PMO Sf7 

^^^P 1 St/NMO S b7^^Nl M2©CMOS^y/WW 
-f-aPlvIOS h7^^^P 2St) ? NMOS f7^^N2 t,Ti7-fe^#St? 
&6N1VIO S h7>'v ? ^^ r N3S.TJ«N4 i.fi^P^TfeSNMO S 1>7>-^ 
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t5PMO S h?lsi?X*P 1, P2liMb7y^^^ NMOS Y=7^i?*# 
Nl, N 2tt K7'T^b7>'^^TfeSo 

ftl OCMOS^fy^^tt, PMOS h7^^P 1 irNMOS 
*N1 t*»6>#^*^ 7 s — ^IBlfty— KV 2<D7 t —9*7<tik U T^-^lE'it/ 

— KV 1 iC^—^SrW^i-So !2©CMOS^^-^li, PMOS h 7 Vv?^ 
*P 2 tNMOS h7^^N2 i^e>*JSJt$tL.7**-^IB1»/— KV 1 

9 *7^*l t U 7 s — *iBi£y - KV 2 fcf 5 — * SrtH7Jl-5o ft 1 Zfctfft 2 ©>f 

— ^IHIS&fi^rH-^^^PMOS b7^^P 1 % P 2©y-^}itIltVDD 

NMOS h7^^Nl, N2©y- ^StiXttNMOS h7^^^N 

5^ttflttGNDlCii$tl,5o 
NMOS b7^^N3tt, If y h^B LKl^E£*l!7 — KlfffRWL?:ffl 

v^x^^^lBisfty — KV 1 ^L-cf^- ^T^-fe^*ff 5. NMOS h7^X^ 

N4f^. ^Kwy, ^> y—Ktf^ ^rtb^etL, x-^iatty — kv2, & 

2 TOJ ~-V~tv h-tZo 

fiwiwtp^a-eab* nmo sb7 ^N5» x f 2© cmo s * t 

Hf^WLBia!)NMOS h7>'v ? ^^N2^r^-Vj L&V> i 5 WJ#£*L3 0 
y i?/l^T^i?:*£;ftftV^S^:i^Tte, NMOS b7^^N5^ 

r^->-j -t"5 r h fc«fc 9 ft 1 TkXf-% 2©CMOS-f * te/v— T^jft^tLfiM^ 

NMO Sh7 ^i?* ^ N 5 ft 5 t "C^ 2 O CMO S >v<— * fci^ife 

w-ia^fe^o ui^tixf i xt^ft 2©cmos^ y^-^n^-7°gi^§] 
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l§18 (a) roj i^fflu HI 8 (b) rij m^mv^^~ 0 r 

rt^^D t;W7-^ roj RX? r i j {^7=— ^IBtty— KV 1 IhSH-St*—* 
&^JBl7 — KlWWLIiilft TOJ ld^5t£;ft/tV^„ 

E8 (a) ^^st*— * tatty — kv i ammiiL roj ^it-a-fi (7*— *ia 

ttty-Kv 2f*^Sfi rij), y-m^ftwLB^it roj KfflfflZii 

5®tNMOS h7y^^N5|irt7J U7*— ^SBtt/ — KV2fiti*tfHftriJ 

^BLOitsm-fi r i j 36sjj[«$tLigm<i roj Kift <9, t*—* fatty — kvi teas 
f**(6«flfc roj Srtr y h^{c^tt}-r o t*— Plenty- Kvi as— n# 

6*J^(£«^fc TOJ d>£>_h#Ufc£ LTtl2OCM0S-f V/*— ^©x— ^fBtty 

— Kv 2 r i j ;H&^U^tt5^£-etf y MBL©tttttitt roj 

-So 

— HI 8 (B) IZ.Tjk&frZy*— ^fBttty— KVl3&SW«ffi r l j (D^g-fi (-7* 

— *ia»y — kv 2 roj), fi^fiW K^^^^-rsasT*— 

tty — KV2fi{E«# roj £r»8jfcHiM$-$-So nmos b7^^Ni^7 

titfc !) , 7*— *IBtty — KV 1 t \fy hi&B U*£: kfciMflfc r l j -cfctK 

try hi&B L ^*5V^-c^c«Kj^fr^5 r^i: Uc. t=— flatty - Kv l less 

ttSKTO: r i j &tr y usuctt^tu-rr. £ tot, try k>§£b L£>«{& N 

7 s — *iettcy — kv i &t^— *ietiy — kv 2(on^(omt.^^\z.mit 

* 

fmcov^ffcej-rs,, H)9 (a) ^ roj m9 (b) k r 1 j 
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m&i^u toMtwL b r o j Ut*—* fatty — kv 2 ttftttiN 

— KiflfRWLi K> fcMv^lWtfW*S«tfc r 1 j ^t5rit*l2 ©c 

roj xte r 1 j fcts^sfri/o^So 

El 9 (A) \Z.^:£tlZ>7*— KVlRHfi«(fc TOJ SrfBtS S*fcV»aM* 

f4s hiBL«fi TOJ i^iK'f- *1B«y — KV 1 l"oj 

*K 7*— flatty — Kvifc^smtk roj a**#3&*;h,5. b^u^^p,, * 

t 17 - Kittww l i>mm& r 1 j i-^otv^ gum m*5 w- 5 t*— * ten y 

Tffo ?) h7 ^ P 1 a*7&>-f ^(d^-^Hii: ft «9 , 7 s — PtitiLS — KV 1 

life r i j ©SUMS: 17— Mf f WL J: 9 -T5$iJ#|i£rm\ 7*— *lB«y—K 

*fc N id 9 (b) fcTjkznzT*— *iBt§y~ Kvitc^mii nj ^iBtt^^c 
?riS?*{4 r i j -c% ^isfty — K v 2 r o j y -t y b £*u n ft* 

Ids r^-^j tt, 7*— *lBl£y — KV 1 ^Kltt r l j tte<0, *EB«y — 
KV 1 KHmmiiL r 1 J dS*tai*^5 0 
*^;KS#!J<D S R AMlvljoV^"C{'± N y * y ir/l^S 7 h 7 9 t 4 

— kv 2 y -fe >7 - 1 x\ LSMts©»©SB«7*-*te*&& 
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im 2 mmmi 

2 m&mz.~?^x , mi o&m^x®,wrz> 0 mi ori#$&9§<E>ss2 

MMMfc$3tfZ) S RAM©^ ^- U -fe/K^IsIS&«^^^-rillT*$>S 0 ^ 2»^!I«^ 
1 M1fcW<& S RAM®^ ^E- y ±MZ. :*o^T N ^M^J^l b 7 ^ N 5 <Dg^{£* 

^Hbfd^^T^ 9 i mmmtm c«/&-r?fc5o s& 1 mnmx 

#\ £ft 2 ^^JT?«^M b ^ ^S?;* ^ N 5 £ K^-Y ^ h ^ ^v 5 ^ ^N2© K 

El 1 0 2 MMfflfctel? 5 S R AMi?/M3^ H 1 OCMOS/fy/W £r?M; 
tSPMO S h^^v^^ p lStfNMO S b7^^Nl hl20CMO S 
^y^WtSPMOS h^>-^^^P 2WNMOS b7Vv ? J^^N2 
T^ir;*. h7^^NMOS f7^^N3MN4 i&WM'M h7^ 

#^§U^l^^T'fc ^> NMO Sh7 9 N 5 tt x |g 2 tf> CMO S V?— ^ <Z) 

PMOS h^^^^P 2 tNMOS h7^^N2 <Jr <75^(31^A$tl/> ^<D K 

Yifi, ^tl^tl. 7 s — ^flEHy- KV2, NMOS h7^ 

r7'-K^'^m-^-WLB^fflV^TT^-fe^^tvfc^^c:NMOS h7V^^N2^^ 

m2mi&Mfe&±m.m vt^xo Km 1 mmmo s ram©^ ^ y ±mz^^x^ 

* 
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cm 3 ^wjj 

mMm\z.-&rt z> s r amcd^ y ^^(Dm^M^^irmxh^o mi 2 1 

Hill (A) til&tt'S SRAMt;Ki N H©CMOS-fy/<-^ Wt5PM 

* 

OS h P 1WNMO S b7^^Nl 2©CMOS^^- 

^MtSPMOS h^v^^P 2MMOS b7^^N2 ^^T^-fe 

fl OCMOS'fy/^^ft PMOS f7^^P 1 £NMOS h 7 l/ 9 J* 

^Nl x—^IB'Ity- KV 2 (D-r-^^A^i: flatty •• 

— KV 1 my*— ^Srtti^Ji-So l2 0CMOS>f^Wlt PMOS h7^^ 
*P2 iNMOS h7^^N 2 £ £ *U "T 2 — *fBffty — KV 1 <D*?— 

*&A;*7fcU 7*— *IB«y— *&ffi;*rrs. 

NMOS b7y^^N3{li^tilLt^7 hiRB Ltil&M$*bME&ttiLl7~- 
KiRfr-S-RWL Sr^VN-C^*— ^IElt7 — KV 1 KM^Xf—ZT ?-te*&ft 5 „ N 
MOS h^>"^X^N4te,*#3£^lf v hWLWB HZ&m&th^ — Kite 

i5M^ffiMW^S:-e*> & NMO Sb7 ^N5lt^2 ©CMO S 4 & 

Mt^PMOS h7^^P 2 £ NMOS h7^^N2 £<&!WK:#A§ 
tl, ^CKWV, y— <7*— M*, Jtfr-eh,, PMOSh7^7^P2©F 
NMOS F7y^^N2©KWy, ^eit, S^y-KIfl^WLB 

msasfe & y * v -t/istfT? ±x ^tifci^NMo sf7 ? n 2 a* r^-^j 

1 RX)^m 2 cocmo S-f * J; 3 t* — 9 W&ftM*&th$k¥$fr h Wb 
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^-r ^ ^^^^i-^^r a^--^— khi 3teH2<D!Ml^^ 5: ^^£^^~^'1'.^^- 
|j:2o©7^t7 h7^^N3, N4m± 0 ttffs A^ — bt?fe«9, 

1211 2^tt (a) roj (b) r i j sg^tau (c) roj 

(d) rij a^-y— b^-^H^H^-f-o 012 (a) roj m& 

r i j s ^ ^ t*^!7 — KifttwL b «{&m{4 r 0 j ft D £M3f&]HP b 7 V 

st^r?— k*mb#wl b ^{sm-fi r o j t & 9 iM$ftj$p h v ^ n 5 «;a->\ 
v*— ^istsy - kv 2 raiUffite r 1 j &fiy$u V 9 isv* 9 n 1 asa-^jRiBT?* 
s/t8e>sis^ttjutry h^RBLra^y ^w</w>>£><&«#: roj t/«ct). 

-e h7y^^N2©!J — ^««EJ!l ±57- ^lE'Cty — KV 2 1:1*5 Sift ttfe 
Ull 2 (B) r 1 j tt^ttlU^tts MU!7- KlHtRWL^« rij 

i^!)7mh7y^^N3 tmrnt z ti. ## ? - mft-^-ww l kms 

mML roj (D$ft7^t^h7^^^N4^%tt{^^V\ W*Wt!7- Kj» 

lltRWL^ilift r i j \z.t£%>z. kx-Rmv— K<Wt#WLBfittft*tifc roj t 

BOte V — KHft-^W L B 7)Mfimfi roj t fc 9 flMSf&H*? h7>^^N5lit7 
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i~zi)m&ftLMm<Dm^mx*fe7 s -?tm; - kv 2(« roj srfiasu 

r i j t^x\ ?isii/ — kv i <^H5«{i r 1 j &m&m u if s> 
Ei2 (c) roj ^wuy— Kj»flr*RWLXtj«*#a* 

17 — KiflfWWL 2&*i*MH2fc r 1 J £ ft 9 T ^ i?;* h ^ * N 3 31 tW 4 36^ 

r 1 j -este?— kimwl b i*i&m& roj £ * y femfflffl h 9 

roj, tta^^y bj»wBLj:ir±Rte9*— ^-cfcSifcflMfcri j tfsppjn&axSo 
-e^*— *fBt£y — KV2fcf4##a*trs' MwBL©iiit r 1 j 

—^fBlit./ — KV 1 tettttJW&*tr* h^RBLOig«{4 roj i&S|#n#H:*#i&£ 

ti, y ir/v^ roj #^ji^*sfffc>^So 

Ull 2 (D) r 1 j ##o7v^B#^{^ ^ttiUI7 — Kjtfefe-g-RWLftt**^^ 
17— Klff-^WWL^Iilt r 1 j ^D77t^ h7^^N3WN4^fif 

{4 r 1 j T?^;ife!7— KlflfWL B tti£«{fc r 0 J £ ft Y) h 7 ' 

rij, -=eu-c#£ amirs' Mwb LmttSteT*— ^-efcs<e«(t roj asfipan 
x-^fBit/ — KV2mfi**5i*brs' Mwb L©<B«tirrojas*£&£*u 
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r 1 j *#ai^^ff^tb«o 

ifcte, mi 3i^-r (a) roj (b) rij as^tau (O roj # 

(d) r i j tia*i*©^^ h&m.w-tz>o m i a \z&^x 

Ull 3 (A) T0J WS^ttJU (B) r 1 j gfc^fflLB#fc:j3tt£*-l' A^-v— 
Ell 2 (C) TOJ ^fflU (D) r 1 j ^tHU^lRl— T'fe<9, ^(DKif^fiPC 

s iz.rn.rn 3 o 

mi 3 (c) roj # # y — Kifi^ww l # r i j 

TOJ CD^ft*7^-feXb7>^^^N3 fi^ftft $ tl^i V \ *#3&*-!7— K 
^t-^-WWL^^ji r 1 j fcftSr £T?^fc!7— KtlltWL B ftttt TOJ 

^7*— ?<DmM-Q&Z>%'miL r 1 J jJSHl*P*tt5 0 Mlt'y fiRBLIiyy 
^ ^ — w^/n^) * * tf £ o 

5tier7— l b ^{SlMfe r o j i: a «j fiM^flUfti h 7 y e?* * n 5 

-rsr fc-e?*— ^IBI!/ — KV2mtt##3&*ify hiwBLOiiit r 1 j mm 

— ^fBtiy— kv 1 iciiissii roj ^♦#5&*tusr. ^-e^y t^ic roj m 
mi 3 (d) ri j ##a^i7— K^f-^-wwL^iu^i r 1 j 

£ & !9 T ^ i? ;*> }> 7 * N 4 a*?£tfr[fc § *K gfcfctij LI7- KlfffRW L 

j8WS*WWL^?*«ffi r 1 J Ul*5ri:-CS<B!7*-KSIflr-9-WLBttffi«<fe TOJ 
£#!9^f|ilJ#P h 7 yi?^^ N 5 $ Jl, tt ii^li' v MWBLtlitfii 

^f"^©Sfetfc5|£it roj *SgI*P$tL5o WWtibfcTy hiRBL|j:7y 
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v — K*MB#wl B ifiiBMtiL r o j kte*) h7^^N5 itt? 

Hll 1 (B) fctt^y-fc/W©&2©»J*&35H-o EH 1 (B) 131*3^ 

* fc^fimtefc^ -7*— Mi:JE<E!7— mm#WLBte^£*LTV^„ mil (A) 

h 7 9 N 5 W:^E 2 © CMO S ^ <D YJ^ZfY? ^v 5 

^^N2©Kwyit, mil (b) T?tty— JMWfcifASii&SHTv^o 
mi 1 (b) t^tfsy -fe/KD«^^*5v>-r i b, ^Ji¥Stife5NMo 

OTi 3 teas it 3 (a) roj ^-ffiu (b) r 1 j ^.mu (c) roj 

*s (d) r 1 j ##5i^o^>f a^-y— hi:iwe*>»K je©K?ittfi&t5. 

s RAMKia^Tte, y * y 311 2 am ^iuss 

ftllfp h 7V^^^^j:5 7l@tf> h^y^^^b^^tbSo^t^^^ b«* 
irZ>MMW-?]bZ> 0 y^y t/i'fcOf- ^co^«9Sl«9 & l*Ot'7 h^T'tTPir^ 

^r^^njte^j-cfcSo mi 4 (a) mttAtti^isiBSi©^— ^^Sr^—^jii 
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DL^l^tfH^T^SAl l<Dm&ffl&. HI 1 4 (B) MteAffl^m^ 
£ CO^— ^ iB^Srf&fcttl Lf- ^IRDL Rtf iZ^-r — * iWD L©2 

mm&TFir ? <i f- — b ^^-To 

@14 (A) <Dty^7y/SAl l©tUi^M»Jt6 0 **rV±/\'k&$z 

t>^.^P 1 1 WNMO S h7>^^Nl l**e>#|j|fe$*V5.>f #frh<0 
ffl^BLBfiPMOS h7^^^P 1 2 iNMOS h7^^Nl 2<Dtf— 
H-A^ixSo PMOS V7^^P 1 2tty-7>^iiiJEVDDI^ h> 

w^mfttfH <z> h^^^^-efc^o nmos H7^^ni 2tey— 

»§MONMOS h7^^Nl 3 t> 7*!J f t"^ttP C*7*- bA^J 

t by- *«r«8R«EEVDDte: % KM^k'y hiilB L^i^Hfc:/!^^— 
^ffl©PMO S h7^^P 1 3 bX*Mj$£tl% 0 

t> ^a^j $ tb"?*— ^ * -r * msg t s^m tb7 * , 

* «£ 9*j&£;fr5o f h 7 b 7 ^ li i <9 
^^»f^$^r5/tfe©##6<JJa;fllfifcT?fc5„ -CT% l/-<^mn h7^^Pl 

El 1 4 (b) (Dty^ryT'SAi 2te, 01 4 (a) ©twy7°SAi 1 

&M£thnf$£]rhZ 0 ##5&^7 f --*iiftWDLHi##3&3* h7^?N 1 3{£, 
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y^T^SAl 1 t S Al 2 t<D^\,^n-t^^T^^t(Dy s —^ J ^^^L , Oi-^> 
Ell 5 fe&MM&m 1 4 (A) ©ty^T^SA 1 1 <D%W<D— Wfe&TFt* 

(a) roj **ttJUoKh&' : f ^fll-*pc*sii5«te rij ic^fk-f-s r £ 

i!*7t5. -fe/WM£>H^JUbl7— K*§tft^RWL^i£m{£ rij £ ft V) „ If 

5/ KtBLii^^yt/vf-^ roj ^itiu {g«{£ roj £&5„ try 
^^ni 2^^-^u, f-^lDL?:iili roj £u -fe/i^*— * roj %m 

^m-r 0 ffifrmw— Ki*fli*RWL, 7°yft-^ifpcfifsit roj 

(b) r i j Mu©i^ : f t-^ftfpcwt nj i^tsri 

~C 7°yff—^h7^^P 1 3(it7U If y MBL^O/yft-^ 

m-T-fZo ^ ^ y t;^©i^fflui7 - KlfttRWL^ii^ rij ttev* if 

b l ©f-^ t j; o >r y^-^ a* b l b fifittffi roj ttj:9. m^mi- h 7 is 

S?7^Nl 2te;*-;7<Dfc£\ ^—*i»DLH:i*raflfc r i j &mW-tZ>z.bX\ 

r 1 J %m&ti\-to Mt!7-KII^RWL, 7°yft-^ffPC{j: 

i&ma. roj r ^ xm&m istmTTz, ^tmjji^tttt^y-K 

(c) roj *#5&*o*a* : t— ^-^PCdSift«<fc rij \z.mt-tz>^t 

X\ ZfV f t— h7^^P 1 3|j:t7U If y hi^BL— f * — 
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4fc ri j i ^ 5 r i ft #M h 7 ^ i?^ ^ N 1 3S:S*bTlfy h^B Lfi{Sm 

iSL roj t^^o ^^ey-fe/K^^ttibi7— KifitRWL, #sa*i7— Kiftflr 

iAtfo #t^!7- KlMWWL^Iiift T0J £ft!9 % roj 

roj ttM»7t5„ 

(d) ru : 7"y f t-^p ru ic^tsri: 

^ h7^^Nl 3Srft*U-Clfy h B L t> iftSte rij 

WLi^ffiji: r lj £ft«9 x t'yM|BL©f-^ r i j &p<*y 5M? 0 

* t r7 — Kiftfww l ^fitjQ: roj ?k r 1 j & ? * y ±mz. 
E«ism{4 roj izmz^bx* ru ♦t&^^T-rSo 

EI 1 4 (B) Oty^7y7°SAl 2ttty^7y7°SAl 1 ©f-^iiDL 

T ^ ± * £ tits: ^ b%fc\? y hm^MMm^V f t^m/yf t^^h7 
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x°fto j £^xT^7'(DmMmx*hz>o mi 6 (a) taiA^miiiof- 

* V s — ? B D L # * IWD LB©2 ^T^T ^-tr^X^S 

A 2 lcD|E]Mt/&, Ell 6 (B) \a%AmXWl&b<DT^?feT£$:m%~mV7 £ —<? 

IRDL, f^Mr-^IWD LOT^ft^f^^IWD L B O 3 *T'tT 
5t^7y7"SA2 2<?5|fiIS&#^ H! 1 7|Ity77y7'SA2 1 <D 15^ 

HIl 6 (A) ty^7y/SA2 1 tf)[s]S&i#$c£r!&9)li-£o ^E- U -fcr/W)>b<£>BE 

i/v>^^p i imnmo s h7^^Ni' i a*&fl|j5fe£jh/5.>f 

cDfctjTJB L BftPMO S h^Vi^X^P 1 2 h NMO S h7^^Nl 2©^ 
— MCA^&frbSo PMOSh7^^P12fty-xM®EVDD^ K 
W^^WUlfy h^RBL^j^$^^-^B#^(ifg^tllb1^5/ billRBL 

£vn^ v^ti^pfS try biHiW i^/i4tf#/B <£> f7^^TibS. NMO 

m ztitti&frm th7 y^ ^ 5 0 

V*— ^ID L fc^ffl Ulf y h^R BL<t <DF^, jA^-r— ^WD 

ttMiNMOS h7^^Nl 3&IW 1 4^^^tV^$tt^o $ fel-x 
^ fcT y MWB L tit$tlfc7°D f -f-^fflOPMO S h7^^P 14^ 
^ttiUf^ hiRBL(^li^ilfc/yft-^I©PMOS h^v^^P 1 

|2| 1 6 (B) © - fey^7i / 7 P S A 2 2fi, HI 1 6 (A) ©ty^7y7"SA2 1 

^■^l^tL^^^ixSo *#^7^— ^WDLte^t&^hy^v^Nl 3»C 
S^fctJ U^— ^R D L teis^ffl Lh7 ^v?* * N 1 2 ^^L^^^tbSo 
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yx7^SA2 USA22 k&m^teAmfim&Jtte^ffllBl&vnf&fc&z 

HI l 7 (A) roj ffls^fctiU (B) r i j g^tUU^MbTte, i^fflLSirat 3 
^ te:* # 52^ 17 — Kigitw l 1 5&^fi#w e r o j © * * -e, 

S^t^ii^f-^IIWD L B fJiltfe r 1 J T^{bt*V\ ^oT-fe>-^ 

7X7°SA2 l©if^tt N t^7y7'SAl l^ft^lfjy MBLSri^tlJL 
Ifv hj^RBLld^lfe^Sfctt^^^lilf^li-fe^^TV^SAl im— -e*>s„ 

infest t-biz^ *#&^ft-s§-WEasiS«& r i j t^sr £-c*£&#- h?>i? 

* fr N 1 3 2lt*N 1 4 &rj^E& UT^r^tt^tU b If y bi&R B L tt<6«{fc 0 J , 

•^-ji^ify hmwBLfe-mm®. ri j t£5 0 ^ * y-t/wo^ttiu 17— Kifcflr 

fRWL, #£i2^!7— KiflfWWL^git Hj £ ft 9 , 7='—^ roj 
^y i?/W£*#3&tf„fB^fflb!7~ KlMRWL,tt^!7- KlftfWWL, 

tft^t-ttJUlf y MHRBL36SiSS«fifc r i j (£M5r£T* l"0J »#ji^sj*Ti"5o 

(d) r i j ##^<z>#^ : ^y ^^-^fi#pc^*#3i^ft-§-WE^« 

{4Tlj m^bi-Sr^T?, 7*yft-^b7^^P 1-3MP 1 4 ttt7 I, 

5o ^iDLiiilie rij % ^lwDLBi«t roj 

^^ni 3£.tw i 4^^*bT- : e^- ; etL^(±iuf5/ h^RBL^mari j x 
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fRWL, t^ii^i? - Kill WL^mt nj tt£V) s 7 s —? r 1 j 

T'iift^flfPC, ##&*{&-5§-WE TOJ CSD, RteS^i&^T* 

cm 6 mmmi 

y 7 7 y ytfc 5. f 5 »jo t y ^ 7 y y^tj f § ii^ f y Mlo^y 

Ell 8 (A) ^«Alli7Jll]^^^^^^^^^^DL^^*^^X 
— ^^WDLB(D2^T*tf A2 3(D[HS§«^|1!, SI 8 (B) 

« a mti ^ ©7 — 9 fcvk&m& tti l?*— ? m r d l . m # * mwD l ' 

X^fef^ii^f-^iWD LB©3 ^T^T 5ty^7y^SA 2 4 tf>l§]S&« 

mi 8 (a) ty^7y/SA2 3<D\B}&Mf&fes tfrazBbfc-ir^^T^^s A 2 
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Ml&\tt^'*Tl/'7'2 1 il^- <Dtcibm^\^^\ Ml 8 (B) ^i-fe^^T^ 
^SA2 4l^y^7y7'SA2 3 ©t^-^ID L Iri^fflUf-^lRD L i 

tyxrv^s A2 3<Dmmz.-D%WLWirz> 0 Mi 9 (a) rojs^mu (b) 

T\ ^(Dt^i-tr^T^s A2 1 tm— -e$>6 0 l^mtcEl 1 9 (C) roj * 

#52^ (D) ri j *#^{-oV^-C{i, ##5A^tf^ biliWBL^yy ^-^r — 

u^/^fg^i roj t^otv^M^(±ty77yysA2 1 

A\,tc^k&Wmb-tZ> 0 M 2 0IIty77y/SA2 5 omsmtEfc, E]2 lKlir 

y^7y^SA2 5(DWJi¥<D— l&M&TFir?^ hSr^-r 0 

HI 2 0Oty^7y^S A 2 5Oll]^^^^,tiF5z!iU^:-fey^T>7 0 S A 2 4 t 

tf>*B3S,£{3:##&^fcf s> MlWB L^£>##i2^ h 7 N 1 4 

jf -*§- v</W;i J: 9*#S2^ h^>-^^N 1 4^^-i/x«^-7i-^w^-e*#i2 s 

^HJggtePMO S h7y^^P 1 1 WNMO S h7y^^Nl U6»e> 

£ &Kl N PMO S h7y^^P 1 2 £ NMO S b^v^^N 1 2<Df?— hKA 
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Jj&ZhZo PMOS h7^7^Pl 2l4y-^#«StflEVDDfc, KW^ 

If y MftW W*/H£*5UB© h 7 ^^^T?*)So NMO Sb7^ 

Ji5o ^y^— ^•§-PC-Sry— hA^t ty- ^Sr«MmjEEVDD^ KW 

* P 1 3it*M$tl§ 6 

t y^ryT's A 2 5 ©Si^totBl 2 1 *r$lLTKIflt5. HI 2 1 (A) 

roj R^utiblbfm : zfv ^-r— ^flr#pc^il5«fifc rij ic^fb-rsr^-e, 

3/y ^ — f7V^^ P 1 Ste^UR^mblf y MfcRB L-^T'y ^ 

— 3?***Ti-3. ttMf-^IWDLSrlSlfi roj tu t#^h7^ 

# rij gg^ffibif y h^RBLIi^^y-feyvf- * roj Srtt^Wi-o 
R^fcHbtf v URBLOr- D^fW<- *IIII&ffi;&R:|»*:h,fc*#» 

tr ^ MWB L ttSraflfc rij £ ft «9 „ ^^ffl Lh7 * N 1 2 U 

Us^-tUbT*— *|&RDL£M£«{fc roj t u -fe^x— ^ roj ^i^wt. Sfc^ 
at i7— KiSftRWL, ^y ^MPceMia: roj 

1 3i ^ »7 — • Kiffww l xt** £ &#-ft*w e fcMSUte r 0 J <£> £ l£ T\ ae-f b b 
(b) rij ^mt©«^ : ^y ft-WPc^it rij i^b-far. 

^-e. ft-^h7^^P 1 3«^-y U i^ffltb*^ hiRBL^T* 

y ^--y— iS&mT-TZo tta^f-^idwDL^tfi! roj £u 
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v mwb l r o j t ft v > m^tti tb7 * n 1 2 

^ttl-To ^ttjuy— KSfffRWL, f t^'^fff p c tefSH/fi r 0 j m N 

(c) roj w%&&-<dw&: zfy^^—vm-^pctimnGL ru t^ts ^ 

f^MfWE^stt rij i 45 ^ i -ett h 9 ^ n 1 

U-CW^ffiUtTy hiRBLfifilt TOJ »#jA^-tfy btWBLI^ 

ff^wwL^iStt r 1 j tft^ajbif y fiRBL©f- * roj 

^yft-^ffpc, ffii^MwEttMt roj *Hr 

DL^^mffi rij tisrii? roj *#&3*#J|&Ti-5. 

(d) rij :/y^-Y->w§-pc;«m#: nj MMrrsr. 

£T% ^Dft-^h^^^P 1 3lit7U tr$/ l-jftB ©^y ^ — v 5 
ibmWfiL rij t/i5rttf^Mb7^^Nl 3SrS*UT^WUt*5/ 

MRBLttHl&rij #$3&^bT^ MWBLI4iS«& roj 

cm 8 
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^tfc^WJ^fe<9s*t^tf y Mwb l tRfef #5A^f- ^iH^Srli:; 

Lfcr b&&Wtt1-Z 0 HI 2 2 (A) KHr^T^T-S A 2 6 <D|hI1^*^ 
2 2 (B) tSty^7y^SA2 7 ©lalJi&fllfifcEU 02 3 (eHr^^T^7°S A2 

02 2 (A) tWy7 P SA2 (B) ty^7^SA2 7 <D[e]3§#/}5<; 

^itS 0 HI2 2 (A) tyx7y7 e SA2 6W (B) ty77>'7 P SA2 7 
tmi 6 (A) ty^7y7 , SA2 1 jk.X$ (B) tyx7>'7 , SA2 2 i: (D\e}3&W- 
»tt5^t^7y^SA2 1SXFSA2 2^t> h^v^^P 1 

m 2 siei^ftS-ir^^T^^s A 2 6 (DWifc&^lrf 1 4 J±*f-\— V %i l 

-efc?>o t^7y/SA2 2&d:fc51^T, #^jA^lf y MWB L ir^tHUtf y 
h^R B L^tf>*#52^ b 7 t SrS'JI&U R<K*^ 5i^—^JlftWD L B 

36>feo#*a^S:ff 5i b&mWLt-tZo HI2 4 (A) |It^7y7SA3 1© 

E8fr=lf£j^ E12 4 (B) t tt* 7 y?' S A 3 2 OlHISilS, HI 2 5 fc-tr 
i/T'S A3 l&t^S A3 2tDitlf^(0— MM^^ir^^ A^-* — Y %tf1t 0 

mz 4 (A) tW^7SA3 1M (B) -fcr^^T^S A3 2<£>Ie]S&«J& 
&S&IH-t"3o El 2 2 (A) -fe^7^SA3 1 t HI 1 6 (B) tyx7^7SA 
2 2 £: COm^W^it^t-^^t,±^^T^ySA2 2t>>b^%j&%-7 s —#j&WD 
L^*f^h7^^Nl 3*SgiJISfe$*t/t|lIJ»3&5-fe>'^r^7 p SA3 1 "C'fe 
•So £ fe(-IH2 4 (B) iry^7y7°SA3 2fe±l/^T^Zf3 1 fc&V^T h?^ 

* 

P 1 4Mb7^^Nl 4«rll!lBfcUKlB»#i&&-7**- ^^WDLB £ 
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<5 0 

025 iZ&ft&'telsXT^ySA 3 1 RXFS A 3 2 <E> »l & Bi 93 i~ 5 „ (A) 

roj : ^-v— v^Is-^-p c^i^m-fi rij i^btsri^ 

9. mfrttil^^y biiRBLI^^UtyVf- TOJ &^^tBU Toj 
i^5 c fft^ffiUtry hj&R B L * 19 ^ * ffl^JB L B }*&m&. 

r 1 j Sfc^tHb b7^^Nl 2i6S^->'U Mtf-^iRDLS: 

teWfe roj a, -fe/i^— * roj Srtt^tti^o W5*ajU!7— KlftfRWL, 

(b) r i j ^tnu<£>#^: ^y ^-y— ^fstpc^iiift ru i^ibtSw 

£TN /9ft^h7>^^P 1 3 tt^tbutry Mrbl^ 

y ft-^^UTt^. * * y -fe/v^o^ttiui7— KintRWL^uttri j 

S^fcfclLfcV MRBL^f- *f::J:9-f * tii7jB L B telSSft: 

TOJ btZV, fc^ffiU h5V^^N 1 2fi^-^<D^^ N ^IRD 
Lt>i*®0fc rij o**Tffct)s -feA^*— * r l j Sr^ffl-f- 0 Mb!7-Ki 

(c) roj *#3&^©4fr& t^MfWE^iitis: rij KmtirZZLb 

y MftWBLK:tti*«te r i j *s^$tbSo KIMS* 

wwL^^ift ru ttaY), m%&frVv Mwb l<dt*— * r i j Sr^y-fe 
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tbZo ##ii^f^-WE roj tlS^it' roj m%&WifeT-tz>o 

(D) r l j ##^CD^^ : ##5i^f-^-WE^ig«^ Tlj {zMitlrZ^b 
"C\ 7^ ^• J T — v?h?^^P 1 4^7b, *#5&&.lfy MIWBL— ©/U 

ft-^lril7t5o ftMfltwE^iitt r i j ttev, 

tf^mte r i j t^^^^MwBLCf^ roj ^^^ev±/^<Dm 

$£^17— K^fi-^-wwL , *#^^ft-^wE m&m& r o j tis t~c r i j 

cm i o mrnmi 

*%W(Om 1 OHJfe^il^^ ^#:fBtt^tt^*5tt2) Wf T h <b bf, S RAM 
•^;V(D ^-{Tty hO-^ffii^^fo 026 2 HifeMfcfflV>fc S R AMir/V- 

(|10) <Dl±/lsft<DV4T'? K HI 2 7 &dte^3H;feWcfflV>fcSRAMi^ 

(mi l (A)) oitWWWx HI 2 8t;item2^ifeM{£/Bv^cSRA 

Mir/V (@10) ©2ir/^©W7!>h> El 2 9 ^{^3^jj£#i|}e:ffiV^^S RA 
Mi?/WEI11 (A)) ©2t/^OW7!) h^r^-f-o £^EI3 0 (A). (Bh 

(C) s (D) {c^^-U-fe^^fT^J^^iaSbfc-fe/VT WO— HW!)£r^-r o 

Hi 2 6K:<fc •JlftK-r^o S R AMt/WiCMO S -C'f^^^SfcftNMO S h9 
l/i?X?&J&J&£fo5> Pw e 1 l«iPMOSh7y^?«^5Nw 
e 1 HS^^Sr^T-f-So WJOSRAMt/HiPMOS h =7 l^i?*? 2B, NM 
OS h^y^^Sit'M^tLSit^^, 0 2 6 (A) ^75H-£ 5 ^^SIU- 
Nwe 1 ^©SiJiCPwe 1 \ U ^{IJOPwe 1 lfi©il^^ 
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fe{||(DPwe 1 1 IB^ftNMO S f7^^N4, N5, N2£rlBffU «f» 
^rONwe 1 lii$t:»PMOS h7^^P 1, P 2&SESU *il©Pwe 
1 1 HitliNMO S F7V^^N1, N3^gBS^tlSo El 2 6 (B) {d*5V> 

026 (C) ©l^Llt n y ^ ^ h fc 5 v i 5 tt^?r^ SR 

AMt /\>>^<Dm-%-$LRxfinMmB.<o& v &^/&*efc5 0 m^RxprnrnmBn s r 

m 2 7 3 MWtfflV>fc S R AMt/W (HI 1 1 (A)) ©lWCWT 

^b&^u (a) tcftEss-m^ias. (b) \z.m-^%LTfmmeM&mir 0 m2 6t 

El 2 8 % HI 2 9 S RAMt;V© 2 •fc/V^'Srfll^-ktf fc?£<D W7?h 

-r o 2"-fe7Hc*ti-S W T t? Y xn, 1 •fe/^O Wf T !7 h ^WR^XW+kHf 

tMU^ 9H£«£*b-CV^S„ $ fet£Rte!7*- KJH{t-§-WLB^2-fe/H^U*ai 

- KilffWL B (Dl&mVBL& K7>T :/ b 5 ^ ^ * N 2 £ „ ftftftlftl h 7 ^i?* 
^N5 h(T>$LW&M}&t£<X^&W ^<D4tiL(D (A) Mf^IBB. (B) 

El 3 0 {£7* ^ y ir/i'Sr^l^SEg Lfc-fc/K/n j/^©W7!> b £r^i~ 0 HI 3 0 
(A) N (B) fcfctX#!R]te:2 Ify K If 5/ ht'fcS 2X8 Ify h<£Hr/W 
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Z?uy?A, B^U El 3 0 (C), (D) \a*XjjmVl2 tfy K YjjfaK2X 
8 Ify hX$>Z> 2 X l 6 if y h©t;V/o c, D£r?5H- 0 El 3 0 (A) O-fe/U 

ril £ 4 j@3*^_Bf N 2X8 try M^itfct^ny^OWT!? h 
EI 3 0 <B) Ct/V^P^^BIt EI 30 (A) (D^MXh V , 2 X 8 If y h*J& 

$?)^30 (C), (D) \Z.tem2 8Xtt@2 9K^-f-**rV ±^3^^ 
ti^tiS. £jh/k&4lB5»^_bff N ' 2X16 If y h#|j&<Di?/K^n y 

fXfoV (C) Ot;^ny^CI4W« (D) Ot/^n«^D©TO 

CD^frSif^ £ ft S „ r <D * ;<—X (OmtiWELV D D&TJ^iMfi G N D -^J^flS $ ttT 

[in nm^j] 

5 y— ffifltUfc^y •b/K^ra^@Bfii*So 0 3 l~E!4-8^cD||J£#!l£r;^-r o 
ID 3 1 teir/K/n y ^ AtCjoV >k "C"b>'^T^>' > S A 1 1 ^|Lf;W7!) K 
EI 3 2^-fe/V^cr -/^ A^V^Tir^^Ti/^S A 2 UiattfcWT!) h N El 
3 3 fe± As"? a y9 AiZtels^X-t^XT^^S A 2 3 SrlBgUfcWT? K El 3 
4te-fevK/t3 y^ A^£5V^ir ^^Ti/^S A 2 3 SrgBfibfc T£ K El 3 5 

* 
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^-=y MSAfrgl^Sr £ k^fg^fe3 0 E^LTl^iiV^^^^N 1 3 fit* 

««gc <£> Ian*® -ess** * tt, * osnui dt f %mm tstix^z* 

Iwb LHio h7y^^tt,t;^P y ^ ^JtSBS-t^T^te: W7!) b$tb§„ 

El 3 3 <D WT«> M£*5VvCtK Hl^b-CV^^ h7^^Nl 3, N 1 4 

S A 2 3 WT? hbfc— ^$£#jT?fc5o H^UTV>fcVN h7 ^v?**N 1 3, N 
1 4 {4 XmWitt n y ? (O ±M'RXf : TWZ- W7!?h*Ji, h7 * N 1 4 

$ b &d N 03 6 —HI 4 8 (nfirtbbO^^y-fey^ci t, <D± Mutt UT 

y?C<D2X 1 6 tfy hi^CTt5ty^7y7°SAl 1, S A 1 
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2<D U^TV ht'feSotot 1 6 \*y M^>tt t T 1 H © t y ^ 7 ^ tt 6^ 

cm i 2 nmo 

5 05 1 xcyr-jy— Ym^m^^iTo 

El 4 9<0*^flc|BlftS61ira:8 XMXN!7' — KX 8 \fy hMj$<D* ^ V Trfe^,, El 

3&»btf*J&&H5 (HI4 9 (A))„ ^ J t!)t/V7WH:SI4 9 (B) |C^f8XM 
X Nr7 — KX 8 b©T l^-HS^ bl^lS^:^ 8 !7 — KX 8 If y h<D^n $/ 
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